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%LROXPLQHVFHQFH LV D SURFHVV E\ ZKLFK OLYLQJ
RUJDQLVPV FRQYHUW FKHPLFDO HQHUJ\ LQWR OLJKW
$OWKRXJK HYLGHQW LQ ODQG DQLPDOV ELROXPLQHVFHQW
RUJDQLVPV SUHGRPLQDWH LQ PDULQH HQYLURQPHQWV
ZLWK RQO\ D IHZ JURXSV RI WHUUHVWULDO DQLPDOV
H[KLELWLQJ WKH QHFHVVDU\ FRPSRQHQWV WR JHQHUDWH
YLVLEOH OLJKW 7KHVH HOHPHQWV DUH DQ HQ]\PH
OXFLIHUDVH DQG D VXEVWUDWH OXFLIHULQ ZKLFK DUH
VWUXFWXUDOO\ GLYHUVH LQ QDWXUH 7KH PDMRULW\ RI
ELROXPLQHVFHQW EHHWOH VSHFLHV EHORQJ WR WKH IDPLO\
/DPS\ULGDH RI ZKLFK WKH ILUHIO\ VSHFLHV Photinus
pyralis LV WKH PRVW VWXGLHG )LUHIO\ OXFLIHUDVH (&
 IURP P. pyralis LV D N'D HQ]\PH WKDW
FDWDO\VHV HPLVVLRQ RI \HOORZJUHHQ OLJKW ƪPD[  
 QP XSRQ UHDFWLRQ RI 'OXFLIHULQ $73 DQG
PROHFXODU R[\JHQ :KLWH  0F(OUR\ DQG
'H/XFD  %DOGZLQ  &RQWL HW DO 
:RRG  7KH F'1$ IRU WKH P. pyralis
OXFLIHUDVH ZDV ILUVW FKDUDFWHUL]HG LQ  GH :HW
HW DO  DQG RYHU WKH \HDUV KDV EHHQ H[WHQVLYHO\
VWXGLHG LQFOXGLQJ WKH UHVROXWLRQ RI LWV WHUWLDU\
VWUXFWXUH &RQWL HW DO  7KLV ZHDOWK RI
LQIRUPDWLRQ KDV EHHQ IDFLOLWDWHG E\ WKH XVH RI
OXFLIHUDVH LQ D UDQJH RI DSSOLFDWLRQV H[SORLWLQJ WKH
ELROXPLQHVFHQW IXQFWLRQ RI WKLV HQ]\PH DQG WKH
UHTXLUHPHQW RI $73 ZLWKLQ WKH UHDFWLRQ +RZHYHU
ZRUN KDV FHQWUHG XSRQ D IHZ OXFLIHUDVH VHTXHQFHV
REWDLQHG SULPDULO\ IURP 1HDUFWLF DQG 2ULHQWDO
VSHFLHV $Q H[SDQVLRQ RI OXFLIHUDVH VWXGLHV WR
LQFOXGH 3DOHDUFWLF VSHFLHV ZRXOG SUHVHQW D PRUH
FRPSOHWH GDWDVHW IRU SK\ORJHQHWLF VWXGLHV DV ZHOO
DV SURYLGLQJ QRYHO VHTXHQFHV IRU H[SUHVVLRQ
SXUSRVHV 7R GDWH RQO\ RQH OXFLIHUDVH VHTXHQFH
IURP D 3DOHDUFWLF VSHFLHV KDV EHHQ FKDUDFWHUL]HG
WKH (XURSHDQ JORZZRUP Lampyris noctiluca
6DOD1HZE\ HW DO  Lampyris noctiluca
EHORQJV WR WKH WULEH /DPS\ULQL ZKLFK LV
FRPSRVHG RI ILYH JHQHUD Diaphanes Lampyris
Nyctophila Pelania DQG Pyrocoelia 7KH JHQXV
Nyctophila ZDV HVWDEOLVKHG E\ 2OLYLHU 2OLYLHU
 ZLWK WKH W\SH VSHFLPHQ N. reichii 'X 9DO
EHLQJ GHVFULEHG LQ  DQG LV FRPSULVHG RI
DERXW  NQRZQ VSHFLHV PRVW RI ZKLFK DUH
GHVFULEHG IURP (XURSH DQG WKH 0LGGOH (DVW
*HLVWKDUGWDQG6DW{LQSUHVV
,Q WKLV VWXG\ ZH LGHQWLI\ DQG H[DPLQH D QRYHO
OXFLIHUDVH JHQH IURP Nyctophila FI caucasica
FROOHFWHG IURP WKH $PRO IRUHVW QRUWKHUQ ,UDQ DQG
FRPSDUH WKH OXFLIHUDVH JHQH VHTXHQFH DQG
SURPRWHU UHJLRQ ZLWK WKDW RI RWKHU /DPS\ULGDH
VSHFLHV
Materials and Methods
Specimens, taxonomy and DNA extraction
N. caucasica PDOH DQG IHPDOH DGXOW VSHFLPHQV
ZHUH SURYLGHG IURP D PDLQWDLQHG FRORQ\ DW
0D]DQGDUDQ 8QLYHUVLW\ RULJLQDOO\ FROOHFWHG IURP
$PRO IRUHVW 0D]DQGDUDQ 3URYLQFH 1RUWKHUQ ,UDQ
ᐉ1 ᐉ( DQG VKLSSHG LQ DOFRKRO WR
2[IRUG (QJODQG 7RWDO JHQRPLF '1$ ZDV
H[WUDFWLQJ IURP D VLQJOH IHPDOH VSHFLPHQ XVLQJ
WKH +LJK 3XUH 3&5 7HPSODWH 3UHSDUDWLRQ .LW
5RFKH ZZZURFKHFRP DFFRUGLQJ WR WKH
PDQXIDFWXUHU¶VLQVWUXFWLRQV
PCR and genome walking of the luciferase
gene from N. caucasica
%DVHG XSRQ WKH OXFLIHUDVH VHTXHQFH IURP L.
noctiluca *HQ%DQN DFFHVVLRQ  ; WZR
3&5 SULPHUV QRFWOXF) DQG QRFWOXF5 7DEOH 
ZHUH XVHG WR DPSOLI\ WKH ILUVW NE RI WKH OXFLIHUDVH
JHQH IURP N. caucasica )LJXUH  3&5 ZDV
FDUULHG RXW XQGHU WKH IROORZLQJ FRQGLWLRQV LQLWLDO
GHQDWXUDWLRQ DW  & IRU  PLQ WHQ F\FOHV DW 
& IRU  VHF  & IRU  VHF DQG  & IRU 
PLQ WZHQW\ F\FOHV DW  & IRU  VHF  & IRU 
VHF DQG  & IRU  PLQ SOXV DQ DGGLWLRQDO  VHF
SHU F\FOH DQG D ILQDO H[WHQVLRQ DW  & IRU  PLQ
3&5 SURGXFWV ZHUH OLJDWHG LQWR WKH S*(07
(DV\ 9HFWRU 6\VWHP 3URPHJD
ZZZSURPHJDFRP DQG OLJDWLRQ PL[WXUHV
WUDQVIRUPHG LQWR FRPSHWHQW FHOOV RI Escherichia
coli '+Ơ &RPSOHWH QXFOHRWLGH VHTXHQFHV RI 3&5
SURGXFWV ZHUH GHWHUPLQHG XVLQJ D G\H
WHUPLQDWLRQ NLW DQG DQ DXWRPDWLF VHTXHQFHU
%HFNPDQ &RXOWHU ZZZEHFNPDQFRP )URP WKH
VHTXHQFH IRXU SULPHUV /XFᐉ*: /XFᐉ*:
/XFᐉ*: DQG /XFᐉ*: 7DEOH  ZHUH
GHVLJQHG WR DPSOLI\ WKH UHPDLQLQJ GRZQVWUHDP
VHTXHQFH RI OXFLIHUDVH IURP N. caucasica XVLQJ
WKH 8QLYHUVDO *HQRPH:DONHU SURWRFRO
&ORQWHFK ZZZFORQWHFKFRP 3&5 SURGXFWV
ZHUH FORQHG DQG VHTXHQFHG DV GHVFULEHG DERYH
7ZR SULPHUV 1\F/XF ) DQG 1\F/XF 5 7DEOH 














-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 1. 7KHQXFOHRWLGHVHTXHQFHDQGJHQRPLFRUJDQL]DWLRQRIWKHOXFLIHUDVHJHQHIURP Nyctophila caucasica XSSHUVHTXHQFH
DOLJQHGZLWKWKHF'1$OXFLIHUDVHVHTXHQFHREWDLQHGIURP Lampyris noctiluca*HQ%DQNDFFHVVLRQQXPEHU;ORZHU
VHTXHQFH6HTXHQFHLGHQWLW\LVLOOXVWUDWHGZLWKDGRWDQGGHOHWLRQVDUHLQGLFDWHGZLWKDGDVK([RQVHTXHQFHVDUHVKRZQLQEROG
XSSHUFDVHLQWURQVLQORZHUFDVH$PLQRDFLGGLIIHUHQFHVEHWZHHQ N. caucasica DQG L. noctiluca DUHVKRZQXQGHUOLQHG
Sequence and phylogenetic analysis
'1$ VHTXHQFHV IURP N. caucasica ZHUH HGLWHG
DQG DOLJQHG XVLQJ 6HTXHQFKHU  *HQH &RGHV
&RUSRUDWLRQ ZZZJHQHFRGHVFRP $ FRQVHQVXV
VHTXHQFH ZDV DOLJQHG ZLWK WKH F'1$ VHTXHQFH
IURP L. noctiluca *HQ%DQN DFFHVVLRQ  ;
LQ RUGHU WR GHWHUPLQH H[RQLQWURQ SRVLWLRQV 7KH
H[RQ SRVLWLRQV ZHUH IXUWKHU FRQILUPHG E\
FRPSDULVRQV ZLWK WKH L. noctiluca JHQH VHTXHQFH
DFFHVVLRQ  $< /L HW DO E $OO
VHTXHQFHV XVHG LQ WKH SK\ORJHQHWLF DQDO\VLV ZHUH
REWDLQHG IURP WKH ''%-*HQ%DQN(0%/
GDWDEDVH DQG DFFHVVLRQ QXPEHUV DUH DV IROORZV
Cratomorphus distinctus $< Lampyris
turkistanicus $< Hotaria papariensis
$) Hotaria parvula (/ Hotaria
tsushiman $) Hotaria unmunsana
$) Lampyris noctiluca ;
Luciola cruciata 3 Luciola lateralis
8 Luciola mingrelica 6 Photinus
pyralis 0 Photuris pennsylvanica
8 Pyrocoelia miyako /
Pyrocoelia rufa $) Phrixothrix hirtus
$) Phrixothrix vivianii $) DQG
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9RO_$UWLFOH Pyrophorus plagiophthalmus 6
$OLJQPHQWV ZHUH FDUULHG RXW XVLQJ &OXVWDO:
IROORZHG E\ PDQXDO PRGLILFDWLRQ DQG
SK\ORJHQHWLF DQDO\VLV ZDV FDUULHG RXW XVLQJ 3$83
9HUV E 6ZRIIRUG  7KH WUHH ZDV URRWHG
ZLWK &* D VHTXHQFH UHJDUGHG DV D
QRQELROXPLQHVFHQW RUWKRORJ RI EHHWOH OXFLIHUDVH
IURPWKH Drosophila JHQRPH2KEDHWDO
Results and Discussion
3&5 DPSOLILFDWLRQ VWUDWHJLHV DQG '1$ VHTXHQFLQJ
ZHUH VXFFHVVIXOO\ XVHG WR LVRODWH DQG FKDUDFWHUL]H
WKH OXFLIHUDVH JHQH IURP D VLQJOH IHPDOH N.
caucasica. Lampyris noctiluca 3&5 SULPHUV
/QRF) DQG /QRF 5 ZHUH VXIILFLHQWO\ FRQVHUYHG
WR JHQHUDWH D 3&5 SURGXFW IURP N. caucasica
 ES LQ VL]H 6HTXHQFLQJ SURYLGHG LQIRUPDWLRQ
IRU JHQRPH ZDONLQJ SULPHUV WKDW DPSOLILHG
SURGXFWV XSVWUHDP DQG GRZQVWUHDP RI WKH
OXFLIHUDVH JHQH LQ N. caucasica 3ULPHUV GHVLJQHG
DW WKH HQGV RI WKH JHQRPH ZDONLQJ SURGXFWV ZHUH
XVHG WR DPSOLI\ WKH HQWLUH OXFLIHUDVH JHQH DQG
ERWK XSVWUHDP DQG GRZQVWUHDP UHJLRQV RI WKH
JHQH DV RQH FRQWLQXRXV IUDJPHQW  ES LQ
OHQJWK 6HTXHQFLQJ UHYHDOHG WKH 3&5 SURGXFW WR
EH FRPSRVHG RI  ES RI ᐉ VHTXHQFH XSVWUHDP
RI WKH OXFLIHUDVH VWDUW FRGRQ DQG  ES RI ᐉ
VHTXHQFH GRZQVWUHDP RI WKH VWRS FRGRQ )URP
WKH FORQHG 3&5 IUDJPHQWV WZR DOOHOHV ZHUH
LGHQWLILHG GHQRWHG DV Ncau1 DQG Ncau2 )RXU
V\QRQ\PRXV WUDQVLWLRQV ZHUH LGHQWLILHG EHWZHHQ
WKH WZR DOOHOHV RI ZKLFK RQO\ RQH ZDV ORFDWHG
ZLWKLQ DQ H[RQ 7KH OXFLIHUDVH JHQH ZDV FRPSRVHG
RI VHYHQ H[RQV FRGLQJ IRU  DPLQR DFLGV
VHSDUDWHG E\ VL[ LQWURQV DQG VSDQQLQJ  ES RI
JHQRPLF '1$ )LJ  DQG )LJXUH  7KH HQWLUH
 ES VHTXHQFH LQFOXGLQJ SULPHU VHTXHQFH
ZDV GHSRVLWHG LQ *HQ%DQN DFFHVVLRQ 
'4
7R GDWH WKH HQWLUH OXFLIHUDVH JHQH KDV EHHQ
FKDUDFWHUL]HG IURP VL[ GLIIHUHQW /DPS\ULGDH
VSHFLHV DQG LQ DOO VSHFLHV WKH OXFLIHUDVH JHQH LV
FRPSRVHG RI VHYHQ H[RQV GLYLGHG E\ VL[ LQWURQV
7KH LQWURQV DUH UHODWLYHO\ FRQVHUYHG LQ VL]H ZLWK
WKH PRVW VL]H YDULDWLRQ RFFXUULQJ LQ LQWURQ  WKH
ODUJHVW LQWURQ SUHVHQW LQ WKH N. caucasica
OXFLIHUDVH JHQH 7DEOH  2QH RI WKH PRVW
LQWHUHVWLQJ GLIIHUHQFHV EHWZHHQ WKH OXFLIHUDVH
JHQH VHTXHQFHV LV WKDW IRXQG EHWZHHQ WKH WZR
SRSXODWLRQV RI P. rufa UHSRUWHG E\ /L et. al. /L HW
DO D LQ ZKLFK WKUHH DPLQR DFLG VXEVWLWXWLRQV
RFFXU ZLWK H[WHQVLYH YDULDWLRQ EHWZHHQ LQWURQ
VHTXHQFHVIURPLQGLYLGXDOVRI&KLQHVHDQG
Figure 2. /XFLIHUDVHJHQHFKDUDFWHUL]DWLRQIURP Nyctophila caucasica$*HQRPHRUJDQL]DWLRQRIWKHOXFLIHUDVH
JHQHIURP N. caucasica DQG3&5SULPHUSRVLWLRQV%'HGXFHGOXFLIHUDVHDPLQRDFLGVHTXHQFHDOLJQPHQWRI N.
caucasica Nyct.DQG Lampyris noctiluca Lamp.6DOD1HZE\ et al 
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9RO_$UWLFOH Table 2. 7KHVL]HRIWKHVL[LQWURQVLQWKHOXFLIHUDVHJHQHIURP Nyctophila caucasica UHSRUWHGLQWKLVSDSHU
FRPSDUHGWRWKRVHLQRWKHUODPS\ULGVSHFLHV
Species Intron size (bp)
123456
Nyctophila caucasica      
Hotaria VSHFLHV       
Lampyris noctiluca       
Luciola lateralis       
Photinus pyralis       
Pyrocoelia rufa ,       
Pyrocoelia rufa ,,       
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VKRZQLVWKHᐉ HQGRIWKH Lampyris noctiluca F'1$HQGSURGXFWLQGLFDWHGE\LWDOLFLVHGEDVHV*HQ%DQNDFFHVVLRQ
QXPEHU;
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9RO_$UWLFOH .RUHDQ RULJLQ 7DEOH  7KLV VXJJHVWV WKH
SRVVLELOLW\ RI FU\SWLF VSHFLDWLRQ DQGRU SRSXODWLRQ
LVRODWLRQ DQG KLJKOLJKWV WKH LPSRUWDQFH RI WKH
OXFLIHUDVH JHQH HVSHFLDOO\ WKH LQWURQ VHTXHQFHV DV
DQ LQIRUPDWLYH PDUNHU IRU VSHFLHV GHWHUPLQDWLRQ
DQGSRSXODWLRQJHQHWLFVWXGLHV
7KH  EDVHV XSVWUHDP RI WKH N. caucasica
OXFLIHUDVH JHQH ZHUH H[DPLQHG IRU SXWDWLYH
SURPRWHU VLWHV )RXU 7$7$ ER[HV WZR &&$$7
ER[HV DQG WZR *$7$ PRWLIV ZHUH LGHQWLILHG LQ WKH
XSVWUHDP UHJLRQ )LJXUH  'HVSLWH H[WHQVLYH
VHTXHQFH GLIIHUHQFHV FRPSDULVRQV ZLWK P. pyralis
OXFLIHUDVH IODQNLQJ VHTXHQFH UHYHDOHG WKDW WKUHH
PRWLIV ZHUH FRQVHUYHG LQ ERWK VSHFLHV WZR 7$7$
ER[HV DW SRVLWLRQV ï DQG ï SRVLWLRQV UHIHU
WR N. caucasica VHTXHQFH DORQJ ZLWK D FRQVHUYHG
&&$$7 ER[ DW SRVLWLRQ ï )LJXUH  7KLV
VXJJHVWV WKH SUHVHQFH RI D SXWDWLYH FRUH SURPRWHU
FRQVHUYHG LQ /DPS\ULQDH IURP ï WKURXJK WR
ï ,W ZDV QRW SRVVLEOH WR LQIHU D VLPLODU FRUH
SURPRWHU UHJLRQ LQ PHPEHUV RI WKH /XFROLQDH GXH
WR LQVXIILFLHQW LGHQWLW\ ZLWK Luciola lateralis
XSVWUHDP IODQNLQJ VHTXHQFH *HQH%DQN DFFHVVLRQ
QXPEHUV8DQG8
7KH GHGXFHG DPLQR DFLG VHTXHQFHV RI WKH
OXFLIHUDVH JHQH RI N. caucasica VKRZHG 
KRPRORJ\ WR WKDW RI L. noctiluca 7DEOH 
3K\ORJHQHWLF DQDO\VLV ZLWK RWKHU ELROXPLQHVFHQW
EHHWOH OXFLIHUDVHV IXUWKHU FRQILUPHG WKDW WKH
GHGXFHG DPLQR DFLG VHTXHQFHV RI WKH N.
caucasica OXFLIHUDVH JHQH EHORQJHG WR WKH
VXEIDPLO\ /DPS\ULQDH )LJXUH  )XUWKHUPRUH
ZLWK ERWK Lampyris DQG Nyctophila DORQJ ZLWK
Pyrocoelia VSHFLHV EHORQJLQJ WR /DPS\ULQL WKH
OXFLIHUDVH PROHFXODU GDWD VXSSRUWV WKH WD[RQRPLF
FODVVLILFDWLRQ RI WKHVH VSHFLHV GRZQ WR WKH WULEH
OHYHO +RZHYHU WKH PRVW LGHQWLW\ VKDUHG ZDV ZLWK
Lampyris turkistanicus ERWK DW D QXFOHRWLGH OHYHO
DQG DQ DPLQR DFLG VHTXHQFH OHYHO  DQG
 UHVSHFWLYHO\ WKDW ZDV JUHDWHU WKDQ WKH
VHTXHQFH LGHQWLW\ ZLWK VSHFLHV RI LWV RZQ JHQXV
 DQG  7KH VWUHQJWK RI WKH QXFOHRWLGH






Ncau1 Ncau2 Lturk Lnoc Ppyr
Ncau1     
Ncau2     
Ltur     
Lnoc     
Ppyr     
7R GDWH VWUXFWXUDO DQG ELRFKHPLFDO VWXGLHV RI
EHHWOH OXFLIHULQ KDYH FRQFHQWUDWHG RQ WKDW RI
Photinus pyralis 7R RXU NQRZOHGJH OXFLIHULQ KDV
RQO\ EHHQ FKDUDFWHUL]HG IURP RQH RWKHU ODPS\ULG
L. turkistanicus +DGM0RKDPPDGL DQG &KDLFKL
Figure 4. 7KHᐉIODQNLQJQXFOHRWLGHVHTXHQFHRIWKHOXFLIHUDVHJHQHIURP Nyctophila caucasica DOLJQHGZLWK




-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 5. $SK\ORJHQHWLFWUHHEDVHGXSRQDPLQRDFLGVHTXHQFHVRIWKH Nyctophila caucasica OXFLIHUDVHDQGILIWHHQ
NQRZQEHHWOHOXFLIHUDVHV7KHPD[LPXPSDUVLPRQ\WUHHZDVREWDLQHGE\DKHXULVWLFVHDUFKZLWKERRWVWUDS
UHSOLFDWHV%UDQFKQXPEHUVUHIHUWRERRWVWUDSYDOXHV
 5HFHQWO\ WKH OXFLIHUDVH P51$ $OLSRXU HW
DO  KDV EHHQ VWXGLHG SURYLGLQJ ERWK HQ]\PH
DQG VXEVWUDWH LQIRUPDWLRQ FRPSDUDEOH WR WKDW RI
P. pyralis +RZHYHU WKH ODPS\ULG VSHFLHV WKDW WKH
OXFLIHULQ ZDV FKDUDFWHUL]HG IURP DORQJ ZLWK WKH
OXFLIHUDVH P51$ PD\ EH LQ GRXEW 7KH KLJK '1$
VHTXHQFH LGHQWLW\ RI L. turkistanicus OXFLIHUDVH WR
WKH OXFLIHUDVH JHQH VHTXHQFH IURP N. caucasica
VWURQJO\ VXJJHVWV WKH SRVVLELOLW\ RI WD[RQRPLF
FRQIXVLRQ )XUWKHUPRUH WKH VSHFLPHQV XVHG LQ
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